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Specification /383* 

1. Name of this Invention 

Paper-inclination Correcting Device 

2. Claim(s) 

[1] Paper-inclination correcting device having a conveying 
passage for conveying a sheet of paper positioned on a pair of 
conveying means, wherein said conveying passage comprises (1) a 
detection means for detecting the inclination of a sheet of paper to 
the conveying direction and (2) an increasing/reducing means for 
increasing or reducing each of the conveying speeds of a pair of 
conveying means based on the inclination detected by said detection 
means so as to make the direction of a sheet of paper agree with the 
conveying direction. 

3. Detailed Explanation of this Invention 

(a) [Technological Field] 

This invention pertains to a paper-inclination correcting device 
applied to a part, such as a bill conveying part of a transaction 
process device (e.g., ATM, CD, etc.) 

(b) [Description of the Prior Art] 

The paper-inclination correcting device based on this invention 
is, for example, used in an ATM, so that when a bill dispensed from a 
bill dispenser installed in an ATM is positioned aslant on a 
conveying passage, the inclination of the bill is corrected so as to 

Numbers in the margin indicate pagination in the foreign text. 
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direct the bill in the correct conveying direction by adjusting the 
conveying speeds of the right and left conveying belts, etc., 
provided to the conveying passage. 

(c) [Background of this Invention] 

A transaction processing device, such as ATM, etc., uses a bill 
conveying device comprising conveying belts, rollers, etc. With the 
bill conveying device configured as described above, due to the 
factors, such as an error caused by a conveying machinery system, 
effects of bill sturdiness, scattering of bills taken in from a bill 
insertion inlet, etc., conveying abnormality making a bill conveyed 
aslant on a conveying passage often occurs. However, when bills are 
conveyed aslant, problems, such as jamming in the way of conveying 
and discrimination error discriminating a normal bill as abnormal at 
a bill discriminating part, occur thereby causing problems, such as 
reduced operational efficiency in bill transactions and worsened 
operational efficiency of ATM, etc. 

(d) [Purpose of this Invention] 

Considering the abovementioned problems, the purpose of this 
invention is to provide a paper-inclination correction device capable 
of detecting the inclination of a bill against the conveying 
direction and correcting the bill direction to a normal direction. /384 

(e) [Constitution and Effect of this Invention] 

This invention characteristically provides a paper inclination 
correcting device having a conveying passage, which conveys a sheet 
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of paper positioned on a pair of conveying means, wherein said 
conveying passage comprises (1) a detection means for detecting the 
inclination of a sheet of paper to the conveying direction, and (2) 
an increasing/reducing means for increasing or reducing each of the 
conveying speeds of a pair of conveying means based on the 
inclination detected by said detection means so as to make the 
direction of a sheet of paper agree with the conveying direction. 

With the abovementioned configuration of this invention, a bill 
positioned aslant can be detected, and the positional direction of 
the bill can be corrected to the normal direction. Hence, since a 
bill positioned aslant on the conveying passage can be automatically 
conveyed in the normal direction, jamming in the way of conveying and 
discrimination error at a paper money discriminating part can be 
eliminated. As a result, the application efficiency of bill 
transaction and the operational efficiency of ATM, etc., can be 
improved . 

(f) [Operational Examples] 

Fig. 2 is a front view of the bill conveying part of an ATM to 
which the inclination correction device based on this invention is 
applied. Fig. 3 is a diagram of an inclination adjustment device. 
Fig. 4 is a diagram illustrating the positions of sensors for 
detecting the inclination angle. 

As shown in Fig. 4, a bill is conveyed in the conveying 
direction indicated by the arrow T. Items AC and BD denote 
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measurement lines formed in the direction perpendicular to the 
conveying direction, where AC is positioned away from BD for the 
distance of l x . Items SA and SC denote photosensor arrays positioned 
at the conveying passage along the measuring line AC, whereas items 
SB and SD denote photosensor arrays positioned at the conveying 
passage along the measuring line BD. Each photosensor array consists 
of photosensors arranged in a line at a certain pitch. A bill 
shields the light for photosensor arrays SA, SB, SC, SD when passing 
the conveying passage. After the inclination angle is detected by 
the photosensor arrays, the bill is guided to a conveying passage for 
correction consisting of a pair of conveying belts 53, 54 as shown in 
Fig. 2. After the inclination of the bill is corrected by this 
conveying passage for correction, the bill is conveyed to a bill- 
pattern detection device 52. Item 51 denotes a bill positioned 
aslant, and item 51' denotes a bill whose inclined position has been 
corrected. Items Sll and S12 denote bill conveying detection sensors 
positioned at the conveying passage for correction. 

As shown in Fig. 3, a control section comprises a microcomputer 
system consisting of a CPU 2, ROM 3, and RAM 4. Item 5 denotes a 
bill-conveying device which feeds a bill taken out from a cartridge 

(not shown) to the conveying passage leading to the pattern-detection 
device 52. The bill conveying device 5 and bill conveying detection 
sensors Sll, S12 are connected to the CPU 2 through an interface 

(I/F) 7. The outputs of photosensor groups of photosensor arrays SA, 
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SB, SC, and SD are given to the CPU 2 through an interface (I/F) 8. 
Items Ml and M2 denote motors for driving conveying belts 53, 54. 
Each of items 13 and 14 denotes a respective adder-subtracter for 
setting the rotary speed of applicable motor Ml, M2 (i.e., conveying 
speed of respective conveying belt 53, 54). The control circuit 
which adjusts the rotary speed of each motor to the speed set by the 
respective adder-subtracter comprises pulse generators PG1, PG2 and 
amplifiers 15, 16. The initial value VO of the conveying speed of 
each conveying belt is provided to the adder-subtracter 13 through 
the interface (I/F) 12 and D/A converter 9. The adjustment value VI 
to the conveying speed of the conveying belt 53 is provided to the 
adder-subtracter 13 through the interface (I/F) 12 and D/A converter 
10. The adjustment value V2 to the conveying speed of the conveying 
belt 54 is provided to the adder-subtracter 13 through the interface 
(I/F) 12 and D/A converter 11. 

Fig. 5 is a diagram of memory area for the ROM 3 and RAM 4. In 
the figure, item ml denotes the area for storing the program which 
processes the detection of inclination angle and positional 
correction of the bill positioned aslant. Items m2 - m7 denote the 
areas for detecting and processing the inclination angle. Item 11, 
as described above, denotes the space between the measurement lines 
AC and BD and is stored in the area m2 . The arraying pitch PI of the 
photosensor is stored in the area m3 . Items SAnl and SCnl denote the 
numbers of photosensors of the photosensor arrays SA and SC shielded 
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from light by the bill and are stored in the area m5 . Items SB n i and 
SD n i denote the numbers of photosensors of the photosensor arrays SB 
and SD shielded from light by the bill and are stored in the area m4 . 
As shown in Fig. 4, Item (2 denotes the positional gap between the 
conveying direction between two points A, B where one side DE of the 
bill 1 facing towards the conveyed direction crosses the measurement 
lines AC and BD, and the direction perpendicular to the conveying 
direction (i.e., the direction of the measuring lines) and is /385 
stored in the area m6 . The inclination angle 9 of the bill detected 
in this operational example is stored in the area m7 . 

Items m8 - ml3 denote the areas for inclination correction 
processing. As shown in Fig. 7, (a denotes the distance from the 
conveying belt 53 or 54 to the center distance point of these 
conveying belts 53, 54 positioned in parallel with each other and is 
stored in the area m8 . £b denotes the distance between the conveyed 
bill sensors Sll and S12 positioned in the center of the direction of 
the conveying passage for correction and is stored in the area m9 . 
Item t denotes the time needed for the bill to travel between the 
bill conveying sensors Sll and S12 at the conveying speed VO and is 
stored in the area mlO. The initial value V 0 of the abovementioned 
conveying speed is set in the area mil. The adjustment values vi, v 2 
are stored in the areas ml2, ml3 respectively. 
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Next, the following explains the operation of detecting the 
inclined angle based on this operational example by referring to 
Figs. 4 and 6. 

First, at step nl (hereafter, step ni is simply called "ni") and 
n2, the location of a bill 1 is checked so as to determine whether it 
1 has been conveyed to the locations of photosensor arrays. In this 
case, the bill is judged to have arrived at the locations of the 
sensors when the respective photosensor groups SBn and SDn are turned 
on. Succeeding to this process, in order to obtain the timing for 
starting the detection process, the numbers of photosensors SA n i, SB n i, 
SC n i, and SD n i of each photosensor arrays, having been turned on by 
being shielded from light by the bill, are applied to the following 
formula to see if the formula can be satisfied (n3) : 

SAm + SC nl - SB nl + SD nl ... (1) 

As shown in Fig. 4, the condition providing satisfying formula 
(1) is equivalent to the case when two sides DE and FG facing towards 
the conveying direction are crossing the measurement lines AC and BD. 

When the abovementioned formula (1) is satisfied to allow the 
judgment that the bill is positioned on each photosensor array, the 
absolute value of the difference between the number of turned-on 
photosensors of the photosensor group SA n and the number of turned-on 
photosensors of the photosensor group SB n (i.e., I SA ni - SB n i I ) is 
multiplied by the pitch Pi so as to calculate the positional gap t2 
between points A and B in the direction of measurement lines (n4). 
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The positional gap 12 acquired by the abovementioned calculation is 
stored in the area m6 . Succeeding to this process, based on the 
relation (the direction of the measurement line) and (the conveying 
direction) crossing perpendicularly, the inclination angle 9 is 
obtained using the following formula: 

9 = tan" 1 (t2/tl) ... (2) 

The result is stored in the area m7 (n5) . 

Then, the inclination of the bill is corrected according to the 
inclination angle 9 obtained from the abovementioned formula (2) . 
This correction operation is explained below by referring to Figs. 1 
and 7 . 

As shown in Fig. 7, the bill 51 is assumably inclined to the 
conveyed direction for the inclination angle 9' . After the 
inclination angle detection process described above, each conveying 
speeds V x , V 2 of the conveying belts 53, 54 are first set to the 
initial value V 0 ' so as to turn on each motors Ml, M2 (n20, n21) . 
Next, the time t needed for the bill to move between the sensors is 
read out from the area mlO (n22) . Moreover, the correction values 
VI, V2 of the conveying speeds are set to 0 (n23) . 

Then, at n24, the inclination of the bill is judged to see 
whether it is to the right or to the left. Subsequently, the numbers 
of turned-on photosensors SA ni and SB n i of the photosensor arrays SA 
and SB are compared. If SA n i > SB n i, as shown in Fig. 4, it is judged 
that the bill is inclining towards the upper right to the conveying 
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direction indicated by the arrow T. On the other hand, when SA nl < 
SB n i, as shown in Fig. 7, it is judged that the bill is inclining 
towards the upper left to the conveying direction indicated by the 
arrow T. In the case of judged result of SA n i > SB n i, in order to 
operate the conveying belt 53 faster than the conveying belt 54, the 
output Vi from the D/A converter 10 is set to a positive value, while 
the output V 2 from the D/A converter 11 is set to a negative value 
(n25) . On the other hand, When the judgment result is SA n i < SB n i, in 
order to make the speed of the conveying belt 54 faster than the 
speed of the conveying belt 53, the output V x is set to a negative 
value while the output V 2 is set to a positive value (n26) . 

After the completion of setting the outputs of the D/A 
converters 10, 11 to be a positive value or a negative value 
respectively, when the bill 51 is conveyed to the position where the 
conveyed bill detection sensor Sll is turned on, the correction 
values Vi and V 2 are acquired (n27 - n29) . In the case of the bill 51 
shown in Fig. 7, since the left edge of the bill precedes the right 
edge of the bill, the conveying speed of the bill between the 
conveyed bill detection sensors Sll and S12 can be expressed as 
below . 

First, the conveying speed Vi of the conveying belt 53 becomes 
the following: 

VI = { tb + ta tan9' ) /t ... (3) 



10 



In this case, since V 0 = tb + t, the formula (3) can be expressed 
as the following: /386 

VI = V 0 + (a tanG' /t ... (4) 

On the other hand, the conveying speed V2 of the conveying belt 
54 becomes the following: 

V2 = (<b - ia tanG' ) /t 

= V 0 - fa tanG' /t ... (5) 

Based on the formulae (4) and (5), when the conveying speed VI 
of the conveying belt 53 is delayed for Za tanG 7 /t (= Mi) while the 
conveying speed V2 of the conveying belt 54 is increased for (a 
tanG'/t (= V 2 ) , the direction of the bill 51, while traveling the 
conveying passage, can be arranged to the normal direction. When the 
right edge of the bill precedes the left edge of the bill which is 
the opposite condition of the case shown in Fig. 7 (see Fig. 4), the 
abovementioned method should be reversed so that the conveying speed 
VI is increased for VI while the conveying speed V2 of the conveying 
belt 54 is delayed for V2 . 

When the correction values VI and V2 of the conveying speeds are 
determined based on the inclination angle G' (n28, n29) , each 
correction values are stored to the respective areas ml2 and ml3, and 
at the same time, they are set to the adders-subtracters 13, 14 
through the D/A converters 10 and 11 (n30) . In the case of bill 51 
shown in Fig. 7, the conveying speed VI of the conveying belt 53 is 
set as V 0 - Vi, while the conveying speed V2 of the conveying belt 54 
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is set as V 0 + V 2 respectively (n31) . As a result, the rotary speeds 
of the motors are adjusted to each set speeds in order to increase or 
decrease the conveying speeds of the right and left conveying belts. 
With these adjusted conveying speeds, when the bill 51 arrives at the 
location which turns on the conveyed bill detection sensor S12, as 
shown with the item 51' , the front end side of the bill 51 is 
directed to position in the normal direction perpendicular to the 
conveying direction (n32) . Once the bill is conveyed to the conveyed 
bill detection sensor S12, the values set to the conveying speeds VI 
and V2 are reset to the initial value VO (n33) . Naturally, if the 
formulae (4) and (5) produced the result of 0' = 0, the initial value 
VO remains the same. Moreover, as shown in Fig. 4, when the bill is 
inclined in the direction opposite from the inclination shown in Fig. 
7, at n31, the conveying speed VI of the conveying belt 53 is changed 
to V 0 + Vi, while the conveying speed 2 of the conveying belt 54 is 
changed to V 0 - V 2 respectively. 

Step n31 corresponds to the addition-reduction means of this 
invention. 

Note that this invention can be applied to sheets of paper such 
as receipts, in addition to bills. 
4 . Simple Explanation of the Figures 

Fig. 1 is a flowchart showing the inclination correction 
operation of the inclination correction device used in the 
operational example of this invention. Fig. 2 is a diagram showing 
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the front view of bill conveying part of an ATM to which the 
inclination adjustment device shown in Fig. 1 is applied. Fig. 3 is 
a diagram of an inclination correction device. Fig. 4 is a diagram 
showing the positions of sensors for detecting the inclination angle. 
Fig. 5 is a diagram showing the memory configuration of the same 
inclination correction device. Fig. 6 is a flowchart showing the 
inclination angle detection operation of the same inclination 
correction device. Fig. 7 is a diagram showing the front view of the 
conveying passage for explaining the method of determining the 
conveying speed correction value by the same inclination correction 
device . 

1, 51, 51'... Bill; 53, 54 ... Conveying belt (conveying means); 
SA, SB, SC, SD ... Photosensor array (inclination angle detection 
means ) 
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Figure 1 
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Key 5... Bill conveying device; Sll, S12 
sensor 
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Figure 5 
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